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 Abstract    
Objective: The polycystic ovary syndrome (PCOS) is known to be related with increased metabolic and car-
diovascular risks. Various phenotypic subgroups of PCOS have been proven to have metabolic and endocrine 
disorders with varying degrees of severity. However, intra-renal vascular resistance, which is an indirect indication of 
atherosclerosis, remains unknown in PCOS subgroups. In this study we examined whether PCOS subgroups have 
different intra-renal resistance symptoms. 
Material and Methods: 98 PCOS patients (diagnosed according to the Rotterdam criteria) 30 controls were 
included in the study. The diagnosis of PCOS was established in the presence of at least two of the following cri-
teria: 1- oligo and/or amenorrhea (OM); 2- clinic and/or biochemical signs of hyperandrogenism (HA); 3- polycystic 
ovarian morphology (PCO) detected by transvaginal ultrasonography. 37 patients (Group 1) met all three criteria 
(HA+OM+PCO), 29 patients (Group 2) met two of the criteria including hyperandrogenism (HA+OM or HA+PCO) 
and the remaining 32 patients (Group 3) had no hyperandrogenism but fulfilled the other two criteria; PCO+OM. 
Renal Doppler ultrasonography and hormonal/ biochemical analyses were carried out. The first outcome measure 
was designated as the differences in the renal resistive index (RRI) values of the groups, and the second outcome 
measure was designated as the relation of RRI with the insulin resistance and lipid profile.
Results: In Group 1, the RRI and the homeostasis model assessment of insulin resistance (HOMA-IR) values were 
significantly higher than in Group 3 and controls (P < 0.031, P < 0.001, respectively, after adjusting for age and 
BMI). The RRI and HOMA-IR values in Group 3 were similar to those of the control group. It was determined that 
RRI has a positive correlation with HOMA-IR (r=0.784, P<.0001) and BMI (r=0.645, P<.0001).   
Conclusions: In this study, we demonstrated that PCOS subgroups have metabolic and endocrine disorders and 
cardiovascular risks of varying degrees of severity. Moreover, we showed that there was no increase of metabolic 
and cardiovascular risks in PCOS patients without hyperandrogenism. 
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Introduction
Polycystic	Ovary	Syndrome	(PCOS),	which	is	characterized	
by	 oligomenorrhea	 and	 hyperandrogenism,	 is	 the	most	 widely	
encountered	endocrine	pathology	among	women	of	reproductive	
age.	The	prevalence	of	PCOS,	 the	diagnostic	 criteria	of	which	
remain	 a	 source	 of	 controversy,	 is	 6-8%	 [1]	 according	 to	NIH	
and	 18%	 according	 to	 the	 Rotterdam	 diagnostic	 criteria.	 In	
contrast	 to	 the	Androgen	Excess	Society	 (AES),	which	accepts	
hyperandrogenism	as	an	essential	characteristic	of	PCOS,	a	new	
phenotypic	 subgroup	 of	 PCOS	 without	 hyperandrogenism	 has	
been	 defined	 according	 to	 the	 expanded	 diagnostic	 criteria	 of	
Rotterdam	[3].			
Most	women	with	PCOS	have	certain	metabolic	disorders	
along	 with	 their	 endocrine	 disorders	 [4].	 The	 most	 important	
metabolic	 disorders	 include	 insulin	 resistance	 (IR),	 which	
results	 in	 hyperinsulinemia,	 and	 atherogenic	 dyslipidemia	 [5].	




has	been	 shown	 in	 studies	 so	 far	 that	metabolic	 syndrome	and	
insulin	resistance	are	encountered	significantly	less	frequently	in	
PCOS	patients	who	are	normoandrogenic	[9,	10].	
Renal	 resistive	 index	 (RRI)	 reflects	 the	 renovascular	
resistance,	which	 is	 an	 early	marker	 of	 vascular	 damage.	 RRI	



























In	 accordance	 with	 the	 Rotterdam	 criteria,	 the	 diagnosis	






Cel pracy: Zespół policystycznych jajników jest związany ze zwiększonym ryzykiem metabolicznym i sercowo-
naczyniowym. Fenotypowe podgrupy w obrębie zespołu PCO charakteryzują się zaburzeniami metabolicznymi i 
endokrynnymi o różnym stopniu nasilenia. Jednak wewnątrznerkowa oporność naczyniowa, która jest pośrednim 
wykładnikiem miażdżycy, pozostaje nieznana w podgrupach zespołu PCO. W badaniu ocenialiśmy czy podgrupy 
zespołu PCO mają różne objawy wewnątrznerkowej oporności.
Materiał i metoda: do badania włączono 98 pacjentek z zespołem PCO (zdiagnozowanym według 
kryterium z Rotterdamu) oraz 30 pacjentek kontrolnych. Rozpoznanie zespołu PCO postawiono na podstawie 
obecności przynajmniej dwóch z poniżej wymienionych kryteriów: 1-oligo i/lub amenorrhea (OM); 2-kliniczne 
lub biochemiczne objawy hiperandrogenizmu (HA); 3-policystyczny obraz jajników (PCO) w przezpochwowym 
badaniu ultrasonograficznym. Grupę 1 stanowiło 37 pacjentek, które spełniły wszystkie kryteria diagnostyczne 
(HA+OM+PCO), grupa 2 to 29 pacjentek z dwoma kryteriami, w tym kryterium hiperandrogenizmu (HA+OM lub 
HA+PCO), pozostałe 32 pacjentki to grupa 3 – bez hiperandrogenizmu ale z dwoma pozostałymi kryteriami; 
PCO+OM. Przeprowadzono badanie dopplerowskie nerek i hormonalno-biochemiczną ocenę. Jako pierwszą 
zmierzono różnicę pomiędzy grupami w indeksie oporu nerkowego (RRI), następnie oceniono związek pomiędzy 
RRI a insulinoopornością i profilem lipidowym.
Wyniki: W grupie 1, RRI i wskaźnik oceny insulinooporności (HOMA-IR) były istotnie wyższe niż w grupie 3 oraz 
kontrolnej (p<0.031, p<0.001, odpowiednio po uwzględnieniu wieku i BMI). W grupie 3 i kontrolnej uzyskano 
podobne wyniki RRI i HOMA-IR. Znaleziono pozytywną korelację RRI z HOMA-IR (r=0.784, p<0.0001) oraz BMI 
(r=0.645, p<0.0001).
Wnioski: W naszym badaniu wykazaliśmy, że podgrupy zespołu PCO charakteryzują się zaburzeniami 
metabolicznymi i ryzykiem sercowonaczyniowym o różnym nasileniu. Co więcej, u pacjentek z zespołem PCO bez 
hiperandrogenizmu nie wystapiło nasilenie ryzyka metabolicznego i sercowonaczyniowego.
 Słowa kluczowe: zespół policystycznych jajników / fenotypy zespołu PCO / 
      / insulinooporność / wskaźnik oporu nerkowego / 
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including	 hyperandrogenism	 (HA+OM	 or	 HA+PCO)	 and	 the	
remaining	32	patients	 (Group	3)	had	no	hyperandrogenism	but	
fulfilled	the	other	two	criteria;	PCO+OM.	
In	 this	 case-controlled	 study,	 the	 women	 with	 PCOS,	
separated	into	phenotypic	subgroups	according	to	the	Rotterdam	














of	 the	 Rotterdam	 ESHRE/ASRM-sponsored	 PCOS	 consensus	
workshop	group	(2004).	
With	 the	 exclusion	 of	 other	 conditions	 that	 could	 cause	
menstrual	 irregularity	 and	 androgen	 excess,	 patients	 who	




2	–	 clinic	 and/or	 biochemical	 signs	 of	 hyperandrogenism	
[Ferriman-Gallway	modified	score	≥8	and/or	acne,	and	
/or	 hyperandrogenemia:	 total	 testosterone	 >0,6	 ng/ml	 
(2	nmol/l);	
3	–	 polycystic	 ovaries,	 identified	 by	 transvaginal	






x	 fasting	 insulin	 in	 µU/mL]	 /22.5	 [18].	 Waist	 circumference	




out	 by	 a	 single	 diagnostic	 medical	 sonographer	 who	 had	 no	
information	about	 the	clinical	state	of	 the	patients.	All	subjects	
had	normal	kidney	functions.	Patient	anamneses	confirmed	they	





of	 an	 ultrasound	 device	 with	 a	 duplex	 Doppler	 and	 B-mode	








Fasting	 glucose,	 high-density	 lipoprotein	 [HDL]	 cholesterol,	
low-density	 lipoprotein	 [LDL]	 cholesterol,	 triglyceride	 levels	
were	 measured	 with	 original	 kits,	 using	 an	 Abbott-Aeroset	
autoanalyzer	 (Chicago,	 IL,	 USA).	 Serum	 levels	 of	 luteinizing	
hormone	 [LH]	 and	 insulin	 were	 measured	 by	 a	 microparticle	
enzyme	 immunoassay	 method	 in	 an	 AXSYM	 autoanalyzer	
(Abbott	 Laboratories,	 IL,	 USA).	 Serum	 total	 testosterone	 and	










to	 investigate	whether	 there	were	 any	 differences	 between	 the	
groups.	Normality	of	the	data	was	evaluated	by	the	Kolmogorov-
Smirnov	 test	 with	 Lilliefors	 correction.	 Differences	 among	
the	groups	were	 assessed	by	 the	 t-test	 for	normally	distributed	
continuous	 variables	 and	 by	 the	Mann-Whitney	 U	 test	 with	 a	




p-value	<	0.05	was	 considered	 significant.	The	 correlation	 test	
necessary	 for	 the	 second	 hypothesis	was	 carried	 out	 using	 the	
Pearson’s	correlation	analysis.
Results
The	 clinical	 features,	 metabolic	 and	 hormonal	 states	 and	






hyperandrogenism	 as	 well	 as	 in	 the	 control	 group	 (P	 <0.005,	





the	 control	 group	 on	 the	 other,	 no	 difference	was	 observed	 in	
the	monitored	 variables	 (parameters)	 save	 for	 the	AFC.	When	
the	 variables	 of	 all	 the	 patients	 in	 the	 study	were	 subjected	 to	
correlation	analysis,	there	turned	out	to	be	a	significant	correlation	
between	the	RRI	and	HOMA	IR	(r	=	0.665,	P <0.000),	 insulin	 
(r	 =	 0.703,	P <0.000)	 and	 BMI	 values	 (r	 =	 0.555,	P <0.000)	
(Table	II).	
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Discussion
Diagnostic	symptoms	as	well	as	metabolic	and	cardiovascular	
effects	 of	 PCOS	 are	 still	 debated.	 Its	 phenotypic	 spectrum	
has	 been	 expanded	 through	 the	 Rotterdam	 criteria.	 After	 this	











the	development	of	 a	 cardiometabolic	 state	 [22,	23].	 Increased	















Intra-renal	 resistance	 reflects	 systemic	 vascular	 damage.	
Increased	 intra-renal	 resistance,	 at	 least	 in	 the	 early	 phase,	
can	 be	 taken	 as	 an	 indication	 of	 the	 functional	 and	 reversible	
modification	 of	 intra-renal	 vasoconstriction	 [25].	 Studies	 have	
shown	 that	RRI	 is	 increased	 in	patients	with	 insulin	 resistance	
as	well	as	in	those	with	type-2	diabetes,	hypertension	or	chronic	
kidney	failure	[11,	13].	




















Age (years) 25.5±4.7 25.27±2.29 26.1±3.0 27.3±4.1 0.068 -
BMI (kg/m2) 30.7±5.9 c 29.1±7.1 26.0±5.9 26.7±6.1 0.018 -
WHR 0.79±0.05 e 0.79±0.05 0.77±0.04 0.76±0.03 0.032 0.048
AFC 53.5±16.9 e 47.6±23.9d 54.8±35.3 b 20.3±5.8 <0.001 <0.001
RRI 0.66±0.03 e, c 0.64±0.04 0.63±0.04 0.62±0.04 0.006 0.031
PSV 87.7±17.5 e 99.3±8.05 94.5±21.6 101.3±21.9 0.013 0.015
Glucose (mg/dL) 96.79±9.14 e 93.41±6.15 94.00±5.84 92.26±4.46 0.025 0.024
Insulin (µU/mL) 14.90±6.29 a,c,e 9.80±6.12 10.19±6.35 10.34±4.84 <0.001 0.005
HOMA-IR 3.51±1.43 a,c,e 2.29±1.39 2.26±1.27 2.22±0.99 <0.001 0.001
HDL (mg/dL) 42.21±10.60 e,c 43.55±10.91d 49.11±7.71 52.04±7.40 0.004 0.019
LDL (mg/dL) 115.74±24.3a 103.68±33.7 101.94±23.8 96.26±15.7 0.012 0.016
Triglycerides  
(mg/dL) 
139.58±80.6 c e 113.32±74.9 96.78±42.4 102.26±37.1 0.034 0.096
Total Testosterone 
(ng/mL)
0.78±0.37 c,e 0.61±0.32 0.54±0.31 0.53±0.14 <0.001 <0.001
TSH (µU/mL) 5.20±11.89 4.86±6.29 2.47±1.95 1.89±1.75 0.358 0.171
LH (mIU/mL) 9.70±4.37 e 12.28±6.07 d 10.45±6.20 b 4.05±1.95 <0.001 0.001
PCO: polycystic ovaries; OM: oligo-or amenorrhea; HA: hyperandrogenism; ANOVA: analysis of variance; BMI: body mass index; WHR: waist-hip ratio; AFC: antral follicle 
count; RRI: renal resistive index; PSV: peak systolic velocity; HOMA-IR: homeostasis model assessment of insulin resistance; HDL: high-density lipoprotein; 
LDL: low-density lipoprotein; TSH: thyroid-stimulating hormone; LH: luteinizing hormone.
a [PCO+HA+OM] vs.[HA+OM, HA+PCO], b [PCO+OM] vs. Control, c [PCO+HA+OM] vs. [PCO+OM], d [HA+OM, HA+PCO] vs. Control, e [PCO+HA+OM] vs. Control. 
Analysis of variance (ANOVA) was used for differences between the groups. Pair-wise comparisons among the groups were assessed with the Mann-Whitney U test with 
Bonferroni correction. All values are given as mean±SD. p<0.05 was considered statistically significant.
* One-way ANOVA P-values (unadjusted) across the control group, [PCO+HA+OM], [HA+OM, HA+PCO], [PCO+OM] phenotypic subgroups.
** One-way ANOVA P- values (adjusted for age and BMI) across the control group, [PCO+HA+OM], [HA+OM, HA+PCO], [PCO+OM] phenotypic subgroups.
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three	criteria	have	 lower	 insulin	 sensitivity	 [10,	20].	We	 found	
that	PCOS	patients	with	all	three	criteria	have	greater	intra-renal	
and	insulin	resistance	as	well	as	more	atherogenic	dyslipidemia	
than	 the	 PCOS	 subgroup	 without	 hyperandrogenism	 and	 the	
controls.	 In	 the	 light	 of	 these	 findings,	 the	 PCOS	 subgroup	
with	 all	 three	 criteria	 seems	 to	 be	 the	 worst	 phenotype	 as	 far	





shows	 the	 vascular	 effects	 of	 insulin	 resistance.	 Undoubtedly,	
a	more	 flexible	 approach	 is	 needed	 in	 the	management	 of	 the	









Table II. Relationships of RRI with HOMA-IR and other study variables in all patients.
   RRI PSV Insulin HOMA-IR
Age (years) 
r ,050 -,064 ,100 ,108
p ,591 ,488 ,279 ,241
BMI (kg/m2) 
r ,555 -,174 ,635 ,616
p ,000 ,058 ,000 ,000
WHR 
r ,325 -,126 ,419 ,471
p ,000 ,171 ,000 ,000
AFC 
r ,097 -,004 ,064 ,081
p ,293 ,970 ,490 ,384
RRI 
r 1 -,335 ,703 ,665
p  ,000 ,000 ,000
PSV 
r -,335 1 -,418 -,410
p ,000  ,000 ,000
Glucose (mg/dl) 
r ,083 -,129 ,147 ,314
p ,371 ,163 ,111 ,001
Insulin (µU/mL) 
r ,703 -,418 1 ,980
p ,000 ,000  ,000
HOMA-IR 
r ,665 -,410 ,980 1
p ,000 ,000 ,000  
HDL (mg/dl) 
r -,370 ,144 -,312 -,341
p ,000 ,118 ,001 ,000
LDL (mg/dl) 
r ,244 ,051 ,299 ,265
p ,007 ,582 ,001 ,004
Triglycerides (mg/dl) 
r ,295 -,070 ,371 ,387
p ,001 ,448 ,000 ,000
Total Testosterone (µU/mL) 
r ,265 -,128 ,238 ,268
p ,004 ,164 ,009 ,003
TSH 
r ,037 ,005 -,051 -,026
p ,693 ,955 ,585 ,782
LH (mIU/mL) 
r ,013 ,037 ,021 ,035
p ,884 ,688 ,822 ,707
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